IMPORTANCE Primary resistance to immune checkpoint inhibitors is observed in 10% to 40% of patients with metastatic colorectal cancer (mCRC) displaying microsatellite instability (MSI) or defective mismatch repair (dMMR).
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M icrosatellite instability (MSI) is a molecular indicator of defective DNA mismatch repair (dMMR) and is observed in approximately 5% of metastatic colorectal cancers (mCRC). Microsatellite instability is a major predictive biomarker for the efficacy of immune checkpoint inhibitors. Despite high rates of response and durable clinical benefit with immune checkpoint inhibitors, 10% to 40% of mCRC displaying MSI or dMMR exhibit primary resistance to immunotherapy.
1-4 A predictive biomarker for the efficacy of immune checkpoint inhibitors in MSI or dMMR tumors has yet to be found, however. 5 The aim of this study was to start assessing molecular mechanisms that could underlie the primary resistance of mCRC displaying MSI or dMMR to immune checkpoint inhibitors. By reevaluating the MSI and dMMR status of tumors from patients who were entered into trials of immune checkpoint inhibitors, we found that misinterpretation of results for MSI and/or mismatch repair testing may explain most cases showing primary resistance to immune checkpoint inhibitors.
Methods

Study Populations
All patients with mCRC who were determined by local assessment as having MSI or dMMR and subsequently included in clinical trials for immune checkpoint inhibitors (NCT02460198 and NCT02060188) conducted at Saint-Antoine Hospital (Paris, France) were included in the study. Tumor samples from these patients were collected prospectively. A retrospective series comprising primary or metastatic tumor tissue from patients with mCRC who were previously diagnosed with MSI or dMMR in 6 French hospitals was also analyzed to assess the accuracy of current laboratory practice for the detection of MSI and dMMR. Ethical approval was provided the Comité de Protection des Personnes Ile de France IV Institutional Review Board (IRB No. 00003835). All patients provided written consent.
Central Analysis of Tumor Tissue
Tumor samples were tested by a central, specialized reference laboratory at Saint-Antoine Hospital for dMMR using immunohistochemistry (IHC) and for MSI using polymerase chain reaction (PCR) with the pentaplex mononucleotide repeat panel (eAppendix in Supplement 1). Microsatellite instability status was also assessed using the HSP110 (OMIM 610703) HT17 microsatellite marker (HT17 assay) previously shown to have better sensitivity and similar specificity to the pentaplex panel. 
End Points
Primary resistance to immune checkpoint inhibitors was defined according to Response Evaluation Criteria in Solid Tumors version 1.1 criteria 7 as progressive radiographic disease on the first study scan (ie, 6 to 8 weeks after initiation of immune checkpoint inhibitors) with no pseudoprogression (confirmed progressive disease). False positives were defined as tumor samples initially diagnosed as MSI or dMMR by local assessment, but displaying both proficient mismatch repair (pMMR) using IHC and microsatellite stability (MSS) after reevaluation by the specialist central review laboratory. The HT17 assay was also incorporated into the definition of MSI and dMMR on account of its better sensitivity compared with the pentaplex panel. The positive predictive value of MSI and dMMR testing by local assessment was calculated as the proportion of false-positive cases among all positive cases.
Results
Primary Resistance to Immunotherapy
Forty-seven patients with mCRC initially diagnosed as MSI and/or dMMR in originating centers were included in immunotherapy trials evaluating anti-programmed cell death 1 with or without anti-CTL4 monoclonal antibodies between January 1, 2015, and December 31, 2016, at the Saint-Antoine Hospital. Nine patients were excluded owing to lack of suitable tumor tissue. Therefore, 38 patients with mCRC treated with immune checkpoint inhibitors who were assessed locally as having MSI and/or dMMR were included in this prospective cohort. Their histologic and molecular characteristics are shown in the eTable in Supplement 2. Primary resistance to immune checkpoint inhibitors was observed in 5 patients (13%). Of these, 3 tumors (60%) were found to display both pMMR and MSS after central review (Table, Figure 1 , and Figure 2 ; eFigure in Supplement 1).
Misdiagnosis of MSI and dMMR in Immunotherapy Clinical Trials
The positive predictive value of local testing for MSI and dMMR in the cohort treated with immune checkpoint inhibitors was 92.1% (3 patients misdiagnosed out of 38 patients; 95% CI, 78.5%-98.0%). Of the 3 misdiagnosed cases, 1 was owing to misinterpreted IHC results and 2 because of misinterpreted pentaplex PCR results. One of the 2 false-positive cases arising from pentaplex PCR occurred in an African man harboring 3 variant alleles that fell outside the quasimonomorphic variation range; his tumor was originally tested as MSI but pMMR (sample 47; Figure 1 and Figure 2 ).
Key Points
Question What are the determinants of primary resistance to immune checkpoint inhibitors in metastatic colorectal cancers with microsatellite instability or mismatch repair deficiency?
Findings In this cohort study of 38 patients with metastatic colorectal cancer, misdiagnosis of microsatellite instability or mismatch repair deficiency status was responsible for 3 of 5 cases of primary resistance to immune checkpoint inhibitors. These patients had been included in trials of immune checkpoint inhibitors based on positive microsatellite instability or mismatch repair deficiency tumor status, as determined by the institutes who referred them for enrollment in the trials.
Meaning Microsatellite instability or mismatch repair deficiency status with both immunohistochemistry and polymerase chain reaction should be obtained for patients with metastatic colorectal cancer prior to treatment with immune checkpoint inhibitors.
Misdiagnosis of MSI and dMMR in Routine Laboratory Practice
A retrospective, multicenter cohort of 93 mCRC tumors diagnosed locally with MSI and/or dMMR between January 1, 1998, and December 31, 2016, was centrally reassessed for MSI and dMMR status. The pathologic information and molecular analyses are summarized in the eTable in Supplement 2. The positive predictive value of assessment of MSI and dMMR by local laboratories was 90.3% (95% CI, 82.4%-95.0%), with 9 of the 93 mCRC tumors showing both pMMR and MSS (Table) .
HSP110 HT17 Assay for Discrepancies Between IHC and Pentaplex PCR Four samples exhibited an MSS phenotype using pentaplex PCR but a dMMR status with IHC (immune checkpoint inhibitortreated cohort, n = 1; retrospective cohort, n = 3). The HT17 assay confirmed the MSI phenotype for 2 cases (67%) from the retrospective cohort. The diagnostic performances of IHC, pentaplex PCR, and the HT17 assay are described in the eTable in Supplement 1.
Discussion
Microsatellite instability and dMMR have emerged as major predictive biomarkers for the efficacy of immune checkpoint inhibitors in mCRC. 1,2,5 Several studies from expert centers, including ours, have aimed to standardize and validate the accepted reference methods for testing MSI and dMMR in colorectal cancer, mainly in patients whose disease is not metastatic. 6, [8] [9] [10] [11] Information regarding the routine clinical use of these methods is lacking, notably in mCRC. This is despite the fact that novel immunotherapeutic strategies rely on accurate testing for MSI and/or dMMR, since these biomarkers now allow the use of immune checkpoint inhibitors in patients with mCRC after recent accelerated approvals by the US Food and Drug Administration. A positive MSI or dMMR status by local assessment using only 1 diagnostic method (PCR or IHC) is currently sufficient for enrollment of patients with advanced cancer into most clinical trials of immune checkpoint inhibitors. Under these parameters, we have shown here that misdiagnosis of MSI and dMMR status may be responsible for most primary resistant cases observed in trials of immune checkpoint inhibitors trials for mCRC displaying MSI or dMMR. These results, confirmed with one of the largest retrospective collection of mCRC tumors with MSI, highlight the need for accurate diagnostic methods to assess MSI and dMMR to avoid patients being incorrectly treated with expensive and potentially harmful treatments. Similar studies in real-life routine practice should be provided for emerging diagnostic tools, such as nextgeneration sequencing, that are currently restricted to highly specialized laboratories but might spread throughout standard platforms in the near future. Importantly, no other predictive biomarker for response to immune checkpoint inhibitors has yet been found among patients with cancer displaying MSI, including KRAS (OMIM 190070), NRAS (OMIM 164790), or BRAF (OMIM 164757) mutational status; Lynch syndrome; tumor programmed death-ligand 1 expression; or tumor mutational burden. 1, 3, 5 One of the 3 patients with mCRC whose tumor was mistakenly diagnosed as MSI had been screened with both IHC and PCR, whereas the other 2 misdiagnosed patients showing primary resistance to immune checkpoint inhibitors had been tested with only 1 method. We therefore recommend dual testing with both IHC and pentaplex PCR for all patients with mCRC before treatment with immune checkpoint inhibitors, and recommend that all samples showing discrepant results between PCR and IHC should be reassessed for MSI and dMMR status in specialized laboratories having this expertise.
Limitations
This study has some limitations. We investigated a prospective series of only 38 patients treated with immune checkpoint inhibitors for mCRC with MSI. Larger prospective studies are required to confirm our findings.
Conclusions
Misdiagnosis of MSI and dMMR status may explain most primary resistances to immunotherapy among patients with mCRC. Local assessment of MSI or dMMR status in patients with mCRC is associated with a false-positive rate of 9% in patients included in trials of immune checkpoint inhibitors in France. This error rate, which biases the results of clinical trials, should be evaluated in larger studies. We recommend dual testing using both IHC and PCR before treatment with immune checkpoint inhibitors, with referral to expert diagnostic centers in the case of discrepant results and consideration of HT17 as an additional marker because of its superior sensitivity. A, Amplification profile from patient 47 using pentaplex PCR showing a microsatellite stable phenotype with 3 variant alleles mimicking unstable alleles that are outside the quasimonomorphic range (BAT-26, NR-24, and NR-21) in both normal mucosa and tumor tissue. B, Amplification profile using HSP110 HT17 assay confirming the microsatellite stable phenotype for tumor tissue. The colored areas indicate rare polymorphisms of 3 pentaplex markers that mimicked microsatellite instability in this patient.
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